Background: Ulnocarpal impaction is the most common reason to perform ulnar shortening osteotomy. There are 3 osteotomy techniques for ulnar shortening: transverse, step-cut, and oblique cut
. First described by Milch 4 in 1941, extra-articular diaphyseal oblique or transverse shortening is the most frequently performed type of shortening. However, it is associated with a nonunion rate of up to 10%, and irritation by implants requiring removal occurs in up to 28% of cases 5, 6 . Intra-articular procedures such as the wafer procedure affect the distal ulnar joint surface, which can lead to stiffness of the distal radioulnar joint (DRUJ) due to scar tissue formation and adhesion of the triangular fibrocartilage complex (TFCC) 7 . Lapner et al. 8 described increased pressure in the DRUJ after the wafer procedure, which may lead to an early onset of osteoarthritis. Complication rates between 8% for open wafer procedures and 21% for arthroscopic wafer procedures have been described 9 . Intra-articular shortening has also been described by Slade and Gillon 10 in 2007 and Hammert et al. 11 in 2012 and was tested in cadavers by Greenberg et al. 12 in 2013. This closing wedge technique preserves the distal joint surface of the ulna and also allows for easy correction of the inclination of the hub joint surface of the ulna.
In contrast to the technique of Slade, our described osteotomy is steeper and longer proximally, which allows for fixation with .2 screws [13] [14] [15] [16] . Rapid healing of the metaphyseal bone compared with diaphyseal bone is described, and implant removal is necessary less often 14, 17, 18 . With the described procedure, the interosseous membrane remains untouched, especially the distal oblique bundle, which additionally provides stability of the DRUJ in 40% of patients 19 .
Description: A dorso-ulnar approach through the fifth extensor sheath is performed. The ulnocarpal joint and the DRUJ are accessed through an arthrotomy distal and proximal to the TFCC. The foveal attachment of the TFCC and the subsheath of the sixth extensor sheath are visualized. The osteotomy is intra-articular oblique from distal ulnar to proximal radial. Sliding the head of the ulna proximally achieves the desired shortening of up to 5 mm, 
Introductory Statement
The distal ulnar sliding osteotomy is an intra-articular ulnar shortening procedure that allows for shortening of up to 5 mm and also open refixation/repair of the triangular fibrocartilage complex (TFCC).
Indications & Contraindications Indications
• Ulnocarpal impaction syndrome.
• Flat shape of the ulnar head ( Fig. 1 ).
• Short ulnar styloid.
• Need for combined interventions.
Contraindications
• Long ulnar styloid (risk of ulnar styloid impaction).
• Degenerative processes in the distal radioulnar joint (DRUJ).
• Need for ulnar shortening of .5 mm.
• Additional complex procedures such as the reconstruction of the TFCC described by Adams and Berger 20 . 
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Step-by-Step Description of Procedure (Video 1)
Step 1: Incision (Video 1: 00:10) Perform an S-shaped incision with the arm in full pronation.
• Position the patient supine on the surgical table.
• Perform radiocarpal/midcarpal arthroscopy to verify the pathology and check for additional lesions-for example, lunotriquetral ligament rupture or chondromalacia of the lunate.
• After the arthroscopy, position the arm on an arm-table in full pronation, and perform an S-shaped incision.
Step 2: Exposure of the Ulnar Head (Video 1: 00:26) Use the access through the fifth extensor sheath and open the DRUJ in an L-shaped manner.
• Take care not to damage the dorsal branch of the ulnar nerve.
• Open the fifth extensor compartment and elevate an ulnar-based flap in the direction of the sixth extensor compartment. This exposes the tendon of the extensor digiti minimi and the distal part of the extensor carpi ulnaris. Be aware not to extend the incision of the sixth extensor sheath more proximally than the base of the ulnar styloid.
• Retract the extensor digiti minimi and extensor carpi ulnaris tendons and expose the dorsal capsule. The anatomical relationship between the TFCC and the capsule requires caution not to damage the radioulnar ligaments (Fig. 2 ).
• Perform an incision in the dorsal capsule parallel to the ulnocarpal joint and distal to the TFCC.
• Open the DRUJ in an inverted L-shaped manner on the floor of the fifth extensor sheath. Incise the underlying dorsal capsule of the DRUJ and expose the ulnar head. 
Video 1 Detailed description of the incision and the technique.
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Step 3: Osteotomy and Fixation (Video 1: 01:00) Perform a long oblique osteotomy and use cannulated headless screws for fixation.
• Use Hohmann retractors to secure the soft tissue.
• Start the osteotomy radial of the foveal attachment of the TFCC (Fig. 3) and make it long enough proximally to allow fixation with at least 2 cannulated headless screws. The osteotomy can also be performed through the ulnar styloid to avoid any damage to the foveal fibers of the TFCC.
• Perform the osteotomy with an oscillating saw. Mobilize the radial part of the ulnar head proximally according to your preoperatively measured values. If the shape of the ulnar head is not congruent with the sigmoid notch, the angulation of the ulnar head can be corrected by removal or interposition of a small wedge.
• Shorten the proximal tip of the wedge. Use a Weber clamp to secure the reduction. Insert 2, 3, or 4 Kirschner wires parallel and horizontally.
• Insert 2, 3, or 4 cannulated headless 2.0 to 2.5-mm screws. Make sure not to penetrate the radial joint surface of the ulnar head.
• Use fluoroscopy to check the result (Figs. 4-A, 4 -B, and 4-C).
Step 4: Closure Close the capsule and fifth extensor compartment, preferably with continuous absorbable sutures.
• Close the capsule of the DRUJ with a single absorbable continuous or interrupted suture. In our experience, one of the main stabilizers of the DRUJ besides the subsheath of the extensor carpi ulnaris is the floor of the fifth extensor sheath.
• Close the floor with monofilament absorbable double running suture and make sure to bury the knots to avoid disturbing suture material on the floor of the fifth extensor sheath. Check for stability of the DRUJ.
• Close the retinaculum above the extensor digiti minimi with an absorbable single running suture, but make sure not to tighten the retinaculum too much as that could induce scarring over the underlying tendon and cause reactive synovitis.
• If it is not possible to reposition the tendon, close the tendon sheath proximal and distal to the DRUJ and leave the extensor digiti minimi subcutaneous at the level of the DRUJ. 
Step 5: Splinting and Postoperative Treatment Apply a splint for 6 weeks and start active-assisted movement after confirmation of healing after 6 weeks.
• Apply an above-the-elbow or sugar-tong plaster splint in a neutral position for the first night.
• On the first or second postoperative day, an anti-pronation/supination splint (Fig. 5) is applied by the occupational therapist. Elbow movement is immediately allowed.
• After confirmation of healing on radiographs at 6 weeks, active-assisted movement is allowed and the splint is removed.
• Full weight-bearing and an unlimited range of motion should be achieved after 12 weeks.
Results
Our results regarding osseous union were similar to those reported by Sennwald et al. 14 , who performed the identical osteotomy. In all of our 10 (unpublished) cases, ulnar shortening was sufficient and osseous union occurred after 4 to 6 weeks. All of the patients returned to work. In 2 cases, the screws had to be removed because of protrusion in the DRUJ, whereas Sennwald et al. reported no complications due to implants 14 . In another 2 of our cases, the fifth extensor compartment needed to be revised because of chronic synovitis as a complication of the approach.
Pitfalls & Challenges
• The DRUJ needs to be opened.
• Beware of insufficient shortening (the final result of the procedure should be 21 to 21.5 mm of shortening).
• Avoid screw penetration in the DRUJ or the subsheath of the extensor carpi ulnaris.
• Nonunion is possible.
• Too long an ulnar styloid can lead to ulnar styloid impaction syndrome.
• Make sure that the arm is in full pronation during the procedure. The blade needs to be positioned from dorsal radial to palmar ulnar.
• Do not damage the foveal insertion of the TFCC. 
